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ABSTRACT

EFFECTS OF HiGH INTENSITY IMPULSE NOISE AND RAPID
CHANGES IN PRESSURE UPON STAPEDECTOMIZED MONKEYS

OBJECT

To determine the effect of high intensity iinpulse noise and of
rapid changes in pressure upon stapedectomized patients.

RESULTS

No experimental disarticulation of the prostheses was obscrved,
nor were any behavioral manifestations of vestibular involvement seen.
No significant difference between the two types of prostheses used was
found.

CONCLUSIONS

There is no valid evidence in this study to support drastic duty
limitation for stapedectomized personnel. No operational basis for
choice between the polyethylene and vein graft procedure as opposed
to the stainless steel piston could be found,
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EFFECTS OF HIGH INTENSITY IMPULSE NOJISE #ND RAPID
CHANGES IN PRESSURE UPON STAPEDECTOMIZED MONKEYS

Today we find the stapedectomy procedure the treatment of choice

in the management of otosclerosis. The widespread incidence of oto-
sclerosis, plus the popularity of the stapedectomy procedure, have re-
sulted in a great number of persons undergoing this operation. The rel-
ative newness of the procedures and the difficulties attendant upon re-
search in this area in part account for the dearth of research on the
subsequent effects of this procedure upon the hearing abilities and sus-
ceptibilities of those so treated. Investigations have been made of the
susceptibility of stapedectomized patients to noise induced temporary
threshold shifts (1, 2,3). So far, the findings appear to indicate no
heightened susceptibility to acoustic insult. However, at best many
problems beset the researcher in this endeavor. One critical problem
is that of secfnring a proper control group against which to compare a
stapedectomized population. Ideally, the control group should differ
from the experimental group only in that they have not beenstapedecto-
mized. Certainly, auditory acuity of the two groups should be the same,
because auditory acuity is a limiting factor in noise induced temporary
threshold shifts (4). This requirement is exceedingly difficult to meet,
and as a result, extreme caution must be observedin evaluating the re-
sults of studies where this condition was not met.

Several problems should be considered in evaluating the hazards
of the environment to the stapedectomized person, Impulse noise, with
its precipitous rise time and typically high overpressure, would logical-
ly be thought to pose more of a problem than would continuous noise, not
only because of the possibility of noise induced hearing loss, but also
because of the possibility of the inertia of the prosthesis-ossicular chain
interacting with the steep rise time of the impulse to result in disarticu-
lation of the prosthesis, or more drastic damage. Andersen et al (5)
measured the transmission of sound before a J after insertion of sta-
pedial prbstheses in cadaver temporal bones. They found noprosthesis
weight-frequency related effects. They did, however, note that expo-
sure to "violent" sounds resulted in disarticulation of the prostheses.
They also observed that at such high levels (in excess of 100 dB) the
prosthesis did not follow the movement of the incus. Subjective re-
ports are frequently cncountered suggesting that changes in altitude,
such as those found in unpressurized or suddenly de-pressurized air-
plane cabins, result in failure of the prostheses, However, one might
think that if the patient were able to'equalize thepressure, i.e., "clear"
his ears, danger from this source would be minimized.
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M in order to minimize activity during exposure {such as {fighting, jump-
'{ ing, and other activities that might produce delaterious cffects).

b

B .

v Group II, also 12 animals, 24 ears, was placed in an altitude

i"; chamber and ascended to a pressure equivalent altitude of 30, 000 feet,
) then descended, free-f{all, to 1, 200 feet. This was repeated three

3 times with 2 min intervals between runs. No sedation or tranquiliza-
:;'2 tion was given this group as we were afraid such treatment might in-
L terfere with the animals' ability to equalize pressure, ’

Group III, 11 animals and 22 ears, was housed with the other ani-
mals, treated just like them, but not exposed to gunfire or pressure
change.

Tl STl i
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Immediatcly after exposure, the animals in Groups I and I were
anesthetized and had their tympanic membranes reflected in order to
determine the effects of the exposure upon the tympanic membrane,
ossicular chain-prosthesis, middle ear mucosa, and the oval window
reaction. At a later date the animals of the control group, Group Iil,
were similarly scrutinized.
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RESULTS

The over-ail results were surprisingly good from a clinical point
of view, i.e., the prostheses were extrewmnely resistant to disarticula-
tion, so much so that none were experimentally interrupted. The ob-
served reactions of the tympanic membrane, middle ear mucosa, and
oval window were also remarkably mild. Both the PE + V and the SSP
did well. The data do not seem to dilferentiate between the two as {ar
as we can tell, 'Complete results of the experiment are presented in
Tables 1, 2, 3, and 4. As can be seen, gunfire had no observable ef-
fect upon the prostheses and little observable cffect upon the tympanic
membrane, middle ear mucosa, and the oval window, Also, no be-
havioral effects of vestibular trauma were seen. Obviously, in view
of the severity of the impulse noise to which these animals were ex-
posed, more than 2 human would normally ever receive, we need not
fear failure of the prostheses from this source. However, it is equally
plain that we cannot, on the basis of this experiment, say anythingabout
the damage to the hearing of the animal, only that the prostheses did not
fail. In a further effort to promote failure of the prostheses by impulse
noise, six animals of Group [ were exposed to 12 rounds of gunfire from
a 90 mm cannon. The average quasi-peak SPL, measured inside the
cage, was in excess of 190 dB. Again, we failed to produce drastic

results (see Table 4).
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We could observe no significant basis for choice between the
PE + V and SSP techniques. I basis for choice exists, it is surgical,
not mechanical.

It is appropriaté to mention here that more research is necessary
before we can set exposure criteria for the patient's work envirenment.
It wili probably be some time before sufficient data are accumulated to
enable us to evaluate the permanent effects of various ncises upon the
hearing of stapedectomized patients.

CONC LUSIONS

1. High intensity impulse noise and rapid changes in air pressure
do not appear sufficient to cause significant prosthesis failure in sta-
pedectomized monkeys.

2. Of the two variables tested, within the limits of this experi-
ment, pressure changes appear to be more traumatic.

3.. No apparent difference appears to exist between the reliability
of the stainless steel piston and the polyethylene and vein techniques.

4. Solely on a basis of fear of prosthesis failure, no reasor can
be seen for any drastic limitation of duty of stapedectomized patients.
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EFFECTS OF HIGH INTENSITY IMPULSE NOISE »ND RAPID
CHANGES IN PRESSURE UPON STAPEDECTOMIZED MONKEYS

Today we find the stapedectomy procedure the treatment of choice
in the management of otosclerosis. The widespread incidence of oto-
sclerosis, plus the popularity of the stapedectomy procedure, have re-
sulted in a great number of persons undergoing this operation. The rel-
ative newness of the procedures and the difficulties attendant upon re-
search in this area in part account for the dearth of research on the
subsequent effects of this procedure upon the hearing abilities and sus-
ceptibilities of those so treated. Investigations have been made of the
susceptibility of stapedectomized patients to noise induced temporary
threshold shifts (1, 2, 3). So far, the findings appear to indicate no
heightened susceptibility to acoustic insult, However, at best many
problems beset the researcher in this endeavor. One critical problem
is that of securing a proper control group against which to compare a
stapedectomized population. Ideally, the control group should differ
from the experimental group only in that they have not been stapedecto-
mized. Certainly, auditory acuity of the two groups should be the same,
because auditor scuity is a limiting factor in noise induced temporary
threshold shifts (4). This requirement is exceedingly difficult to meet,
and as a result, extreme caution.must be observedin evaluating the re-
sults of studies where this condition was not met.

Several problems should be considered in evaluating the hazards
of the environment to the stapedectomized person., Impulse noise, with
its precipitous rise time and typically high overpressure, would logical-
ly be thought to pose more of a problem than would contiruous noise, not
only because of the possibility of noise induced hearing loss, but also
because of the prossibility of the inertia of the prosthesis-ossicular chain
interacting with the steep rise time of the impulseto result in disarticu-
lation of the prosthesis, or more drastic damage. Andersen et al (5)
measured the transmission of sound before and aftef insertion of sta-
pedial prostheses in cadaver temporal bones. They found noprosthesis
weight-frequency related effects. They did, however, note that expo-
sure to "violent" sounds resulted in disarticulation of the prostheses.
They also observed that at such high levels (in excess of 100 dB) the
prosthesis did not follow the movement of the incus. Subjective re-
ports are frequently ¢ncountered suggesting that changes in altitude,
such as those fuund in unpressurized or suddenly de-pressurized air-
planc cabins, result in failure of the prostheses. However, one might
think that if the patient were able to'equalize thepressure, i.e., "clear"
his ears, danger {rom this source would be minimized,
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The Armed Forces are a particularly lucrative source of hoth
problems and rescarch possibilities with regard to stapedectomies.
Gunfire noise exposure is, of course, typical of military personnel,
and with the increasing use of aircrait of all kinds, and of airborne
operations involving parachuting, a large number of persons are ex-
posed to rapid changes in pressure. Problems of this nature suggest-
ed the research to bereported inthe succeeding secticns. Specificaily,
an investigation was made of the effecis of impulse noise and sudden
changes inpressure {simulating altiiude changes)upon stapedectomized
monkeys. Monkeys were used because of both the ethical and practical
considerations involved. )

METHOD

A total of 40 Cehus monkeys were procured and subjected to sur-
gery. The Cebus monkey, a New World species, was used because its
middle ear is quite accessible to surgery, unlike that of the Old World
monkeys, and is markedly similar to that of man. Bcth ears of cach
animal were operated with the same type of prosthesis placed in each
ear. Half the animals were treated with a modified Shea (6) technique
utilizing a No. 90 polyethylene strut and vein graft (PZ + V), while the
other half had a stainless steel piston {SSP) made especially to fit the
Cebus monkey. Five of the surgically completed anjmals expired sub-
sequent to surgery from non-surgical couses so that o.r experiment
was performed on a population of 35 aznimals. These animals were
randomly divided into three groups. Group I was exposed to high in-
tensity impulse noise on two occasions, to machine gun fire and to
90 mm cannon fire. Group II was exposed to rapid changes in pres-
sure simulating ch'anges in altitude, while Group 1II was the control
group. They were operated, kept with and treated like the experimen-
tal groups except that they were not experimentally exposed to either
of the variables,

Group I, which consisted of 12 animals (24 cars) was exposed to
2,000 rounds of fire from an M-73 7.62 cal machine gun. The fire was
5 sec bursts with a 5 sec interval beiween bursts, All animals exposed
had had at least 2 months to recover from surgery. Firing was done on
an open range in the field. The quasi-peak sound pressure level (SPL),
measured inside the animal's retention cage, averaged 164 dB. Sound
measurement was accomplished using a General Radio Model 1551-B
sound level meter, a Massa 141-B microphone, ard a General Radio
Model 1556-B impact noise analyzer. Variability of the pressure was
2 dB. All animals were tranquilized 2 hours prior to exposure by in-
jection of 1 mg/kg body weight of Seruylan (phencyclidine hydrochloride)
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in order to minimize activity during exposure (such as fighting, jump-
ing, and other activities that might produce deleterious effects).

X Group II, also 12 animals, 24 ears, was placed in an altitude
chamber and ascended to a pressure equivalent altitude of 30, 000 feet,
then descenﬂed. free-fall, to l, 200 feet. This was repeated three
times with 2 min intervals between runs. No sedation or tranquiliza-
tion was given this group as we were afraid such treatment might in-
terfere with the animals® ability to equalize pressure, )

Group III, 11 animals and 22 ears, was housed with the other ani-
mals, treated just like them, but not exposed to gunfire or pressure
change. ) ‘

Immediately after exposure, the animals in Groups I and Il were
anesthetized and had their tympanic membranes reflected in order to
determine the effects of the exposure upon the tympanic membrane,
ossicular chain-prosthesis, middle ear mucosa, and the oval window
reaction. At a later date the animals of the control group, Group III,
were similarly scrutinized.

RESULTS

The over-all results were surprisingly good from a clinical point
of view, i.e., the prostheses were extremely resistant to disarticula-
tion, so much so that none were cxperimentally interrupted. The ob-
served reactions of the tympanic membrane, middle car mucosa, and
oval window were also remarkably mild. Both the PE + V and the SSP
did well. The data do not seem to differentiate between the two as far
as we can tell. Complete results of the experiment are presented in
Tables 1, 2, 3, and 4. As cap be seen, gunfire had no observable ef-
fect upon the prostheses and little obseryable effect upon the tympanic
membrane, middle ear mucosa, and the oval window. Also, no be-
havioral effects of vestibular trauma were seen. Obviously, in view
of the severity of the impulse noise to which these animals were ex-
posed, more than a human would normally ever reccive, we need not
fear failure of the prostheses from this source. However, it is cqually
plain that we cannot, on the basis of this experiment, say anythingabout
the damage to the hearing of the animal, orly that the prostheses did not
fail. In a further effort to promote failure of the prostheses by impulse
noise, six animals of Group I were exposed to 12 rounds of gunfire from
290 mm cannon. The average quasi-peak SPL, measured inside the
cage, was in excess of 190 dB. Again, we failed to produce drastic
results (s2e Table 1),
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The effects of altitude (pressure) as seen in Table 2, were some-
what more noticeable. For example, Table 1 shows that in GroupI, the }3
appearance of the tympanic membrane was normal for all subjects, In K
Group II, however, only eight of the membranes appeared noxrmal; the
rest varied from a slight to a generally injected appearance. Similarly,
the middle ear mucosa was normal in Group I, while in Group JI, only
seven were normal, with the remaining 17 varying from a slight reac-
tion to frank hemorrhage. The oval window reaction observed in the
two groups was about the same. As we examine these data we are in-
escapably drawn to the conclusion that while neither of these experi-
mental variables really wrecked havoc with the prostheses, the effects
of the pressure change were considerably more marked. It is signifi-
cant, we believe, that no failures of the prostheses were induced. The
procedures are obviously highly reliable and quite resistaut to forces
considerably in excess of those one normally encounters in everyday
life. This is not to say that failure will not occur, merely that we were
unable to produce it. We desire to emphasize again, however, that =
these results related only to susceptibility of the prostheses to failure, '\\g

ard to tissue response, not to the effect of these variables upon the heary;

ing of the stapedectomized cd animal. E}'\"
8

Y ]

We also believe that it is significant that no behavioral manifesta~- 5§

tions of vestibular damage could be observed. Any peneciration of the
vestibule by the prostheses should have produced immediate and ob-
servable behavioral changes, The fact that none were observed strong-
ly suggests that no penetration occurred, Serial sections are being
made of the temporal bones but results are not ready at this time.

ol

i

Our results obviously do not support the findings of Andersen et kX

2l (5) who reported disarticulation of the prosthases at 'violent" levels. :}“Q

This is not surprising, as their prosthesis was in an exposed dead tem-
poral bone, while ours was in an intact living animal.

DISCUSSION :
Based upon the results presented above, we can see no real neced "}‘
to drastically restrict the duty activities of stapedectomized persons \i

after complete recovery from initial surgery. As always, common
sense should be used but apparently the procedures are quite resistant
to failure if successfully performed. However, as shown in Tables 1
and 2, original results of the insertion of the prostheses can be less
than perfect, so that trauma could conceivably break down an initially
imperfectly implanted prosthesis.
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We could observe no significant basis for choice between the
PE + V and SSP techniques. If basis for choice exists, it is surgical,
not mechanical.,

It is appropriate to mention here thdat more research is necessary
before we can set exposure criteria for the patient’s work environment.
It will probably be some time before sufficient data are accumulated to
enable us tc evaluate the permanent effects of various noises upon the
hearing of stapedectomized patients.

CONCLUGIONS

1. High intensity impulse noise and rapid changes in air pressure
do not appear sufficient to cause significant prosthesis failure in sta-
pedectomized monkeys.

2. Of the two variables tested, within the limits of this experi-
ment, pressure changes appear to be more traumatic,

3. No apparent difference appears to exist between the reliability
of the stainless steel pisten and the polycthylene and vein techniques.

4, Solely on a bisis of fear of prosthesis failure, no reason can
be seen for any drastic limitation of duty of stapedeciomized patients.
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LEGEND FOR TABLES

TM - Tympanic Membrane
MM -, Middle Ear Mucesa

"OW - Oval Window

Tympanic Membrane

Normal {N) - Self-explanatory.
Slight’injury - Hyperemia in vascular strip area.
General irjury - Entire tympanic membrane hyperemic,

Original Results

Self-explanatory.

Middle Ear Mucosa

No reaction (NR) Seli-explanatory.

Slight reaction - Generalized injection,
Moderate reaction - Some petechiae.
Frank hemorrhage - Seclf-explanatory.

Oval Window

Slight - Very little reaction in the drum or ‘the vein around the
prosthesis,
Moderate - Somewhat greater reaction around prosthesis,
Marked - Drum plastered to incus with much reaction around
prosthesis,
7
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ARMED FORCES

'DISTBIBUTI‘ON

Araed Forces Institute of Pathology, Weshington, D. C.

Arey Attache, Fleet Post Office Box 79, Nevy 100, New York, N. Y.

Chief, Life Sciences Divisi?n. Office of the Cozzazdizg Genéral, ¥ashingten, D. C.
Chief. Madical Gea Lcb, 40S, Japea, US Aray Hed Co=d. AP0 343, Sen Francisco, Calif.
Chief, Preventive Med Div, Directorate of Professioncl Sve, '5GO, Washingten., D. C.
Chief, Research and Devel?paent Coacand, Scientific Izforzatiom Br, Washington, D. C.
Cordt, Brooke Arey Hed Center, Hed Field Svc Schaoi, Szisson Library, I't. Saz Houstez, Tex.
CG. I Corps Group, APO 358, Fan Francisco, Calif.

CG, Second US Arcy. Ft. George G. Meade, Md.

CG, 7th Logistical Cozcaad, -APO 612, Sau Francisco, Calif.

CG, Eiggty US Aray, Atta: Surgses, APO 301, San Frdncisco, Calif.

CG. US Aray Alaska, APO 949, Seattle, %ush.

CG, US Aray Chenical Research cnd Developzent iaborc:ories. Edgewood Arsenal, Md.
CG, US Arny Europe, APO 403, New York, N. Y.

CG. US Aray Hawaii, APO 957, San Francisco, Calif.

CG, US Aray Material Cozzand, ATTN: AMC-AD, Wushiagtonm, D. C.

CG. US Aroy Hatericl Research Lab, Biomechanicul Lgb. SGO, Washington, D. C.

CG, US Aray Medical Research cud Development Conpand. Washington, D. C.

CG, US Arcy Munitions Cozmand, CBR Center, Edgewood dArsenal, Md.

CG, US Army Natick Laboratories, (H1-7855) Nol}ck. Yess.

CG, US Army Ordnance Tank Auto Command, Detroit, Mich.

CG. US Army Pacific Medical Office, APO 598, San Fraacisco, Calif.

CG. US Army Quarternaster HGE Command, Technical Library, Natick, Yaszs.

CG, US Army Byukyu Islands, IX Corps, APO 331, San Francisco, Calif.

CG, US Army Transportation R&E Coummand, Ft. Eustis, Va.

CG, US Continental Aray Command, Medical Section, Ft. Monroe, VYa.

CO, Brooke Army Medical Ceanter, Surgical Research Urit, Ft. Sam Houston, Tex.

€O, Chemical Cotps, Biological Documeats Laboratory., Ft. Detrick, Md.

CO, Medical Technical Library, Fitzsimons General Hospital, Deaver. Colo.

CO, Picatinny Arsenal, Dover, N. J.

CO, Quartermaster RSE FEA,US Army, Attam: Technical Publications Br, Ft. Lee, Va.
€O, US Arny Aeromedical Research Unit, US Army Aviation Center, Ft. Rucker, Ala.
€O, US Aray Combat Development Comzand, Combined Arxzs Group, Ft. Leaveaworth, Kan.
CO. US Army Combat Development Command, Materiel Svc. Ft. Sam Houston, Tex.

CO. US Army Combat, Development Coozand.Quarteraaster Corps, Ft. Lee, Va.

CO, US Aray Comzbat Development Cozmand, Engineerjng Cozaand, Ft. Belvoir, Va.

CO. US Aray Comzand & General Staff College Library, Ft. Leavenworth, Xan.
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ARNED FORCES Cont. .
DISTRIBUTION
co., us Aray Electronic Proving Ground, Ft. Heechuca, Ark.
CO, US Electronics RED Laboratories, Attn: SELRA-GDA, Ft. Honazouth, N. J. N
CO. US Arny Engineer RSD Cozzaad, STINFO Br. Ft. Belvoir, Va.
CO. US Arsy Envir;n:ental Hygiene Agency, Library Br, Edgewood Arseral, Md.
CO. US Army Medical Liaison Br. Atta: Surgeon, Gorgas Hosp. Balboa lits, Canal Zone
CO, US Arny Medical Res & Nutrition Lab, Fitzsicons General Hosp., Denver, Colo.
CO, US Aray MHedical Research Unit, Ft. Clecyton, Canal Zone
CO, US Aray Medical Research Uanit, Inst for Medical Researck Kuala Luzpur, Malaya
CO. US Arzy Medical Research Unit, Ft. Detrick, Md.
CO, US Arzy Mediczl Research Uoit, APO 180, Nex York, N. Y.
€O, US Aray Missile Support Co==zand, Attn: SNID¥-HO, Redstone Arsenal, Ala. -
CO. US Aray Ordnance Arsenal, Frankxford, Philedelphia, Pa.
€O, US Aray Personnel Researchk Office, Washizgton. D. C.
CO. US Army Rescarch Inst of Envircasental Medicine, Natick labs, Natick, Mass.
CO, US Army Tropicul Hesearch, XPO 851, New York, N. Y.
CO, US Aviation Human Research Unit, US Coatizental Army, Ft. Rucker, Ala.

Director of Research, US Army Air Defense, Huzan Rescarch Unit, Ft. Bliss, Texas

Director of Research, US Arsy Jofaatry, Huzaa Research Unit Library. Ft. Bemning, Ga.

Director of Rescarch, US Arzy

Director, US Aray SEATO, Medical Rescarch Loboratory, APO 145, San Francisco, Calif.

Director, Walter Reed Kray'lnst of Res. Wolter Reed Army Med Cent. Washington, D, C.

Historical Univ, US Army Medical Service, Walter Reed Arzy Med Cent. Woshington, D. C.

Office of the Chief Psychi & Neuro Consultent, SCO, Washington, D. C.

Office of the Chief R&D. Huzan Factors & Operations Research Div. Washington, D. C.

Office of the Dir. Division of Necurophy, Walter Reed Army Inst of Res, Washington, D.C.

Post Suigeon, US Army Dispensary. Springfield Arcory, Springfield, Mass.

Senior Medical Advisor, Hqs KNAG, APO 102, Son Francisco, Calif.

Walter Reed Aroy Inst of Res. Dept of Atozic Casualty Studies, ¥ashington. D. C.

CG.
CG,
CG,
CG.
co.
Co,

HOSPITALS

Brooke General Hospital Medical Lihrary, Ft. Saa Houstoa, Tex.

Letternan General Hospital, Presidio of San Francisco, Celif.

Madigan General Hospatul, Tacoma, Tashingtom.

¥illiaw Beaumont General Hespital Librery, El Paso, Tex.

Bassett Aroy Hospital, Ft. Jonathan Waizwright, Fairbaoks, Alaska.

DeWitt Army Hospital, Ft. Belvoir, Va,

Dunhax Army Hospital, Corlisle Barracks, Pa.

Lecdership, Huzen Res Unit Library, Presidio of Monterey, Calif,
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ARMED FORCES - HOSPITALS Cont.
DISTRIBUTION

€O, Irelaad Ar=y Hospital, Ft. Xnox, Xy.

CO, Irmin Aray Hospital, Ft. Riley, Kas.

CO, Xenaer Army Hospital, Ft. Lee, Va.

co. ﬂi:brough §r=y Hospital, Ft. Gerorge G. Meade, Md.
CO. Kirk Arsy Hospital, Aberdeen Provizg Ground, Md.
CO. McDonald Aray Hnspital, Ft. Custis, Va.

CO, Martin Arsdy Hespital, Ft. Bennirg, Go.

CO, Munson Ar=y Hospital, Ft. Leavezvorth, Kan.

CO, Noble Aramy Hospital, Ft. MeClellza, Ala.

CO, Patterson Aray Hospital, %t. Monzouth, N. J.

CO, YWalson Aray Hospital, Ft. Dix. N. J.

CO, Walter P=cd Generel Hospital, ¥eshington, D. C.

CO, Womack Arzy Hor,..:.™, Ft. Bragg. N. C.

[
CO, US Arzy Hospitecl., Ft. Benjccia Horrison, Indianapolis, Ind.
CO. US Ar=y Hospital, Ft. Caopbell, Xy.

CO. US Ar=y Hospitel, Ft. Carson, vslorado.

CO, US Arzy Hospitel, Fr. Dix, N. J.

CO, US Arzy Hospital, Ft. Devens, Mass.

CO, US Arsy iospitel, Ft. Gordon. Ga.

CO. US Aray Hospital, Ft. Hood, Tex.

CO, US Arzy Hospitsl, Ft. Jacksen, S.C.

CO. US Arzy Hospital, Ft. Jay, N. Y.

CO. US Arzy Hospital, Ft. Leonard ¥Wood, Mo,
CO, US Aray Hospital., Ft. McPherson, Ga.
CO, US Aray Hospitel, Ft.. MacArthur, Calif.
CO, US Arzy Hospital, Ft. Moaroe, Va.
CO,.US Arzy Hospital, Ft. Ord, Calif.

CO, US Arzy Hospital, Ft, Polk, La.

CO. US Arzy Hospital, Ft. Rucker, Ala.

CO, US Arzy Hospital, Ft. Sill, Okla.

co, US Ar=; Hospital, Ft. Stevart, Ga.

Lens 2b )
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CO, US Arzy Hospitel, Ft. Wolters, Tex.

o

CO, US Arzy Hospital, Dugsay Proving Ground, Utach,

CO, US Army Hospital, Redstone Arsesal, Ala,

00, US Army Hospital, Sierra Army Depot, Herlong, Calif.
CO. US Arxy Hospital, White Sands Nissil Ronge, N. Mex.
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ARMLD FORCES - NAVY
DISTRIBUTION

Aviation Medical Acceleration Lab, US Naval Air Developnent Center, Johnsville, Pa.

Aviation Psychol Lcboratory, US Maval School of Aviation Medicine, Pensacola, Fla.
Bureau of Naval -Zeapons, Washizgton, D. C.

Ctief, Bureau of Yards and Docks, Washington, D. C.

Chief of Naval Air Research Training, Glenview, Ill,

Chief of Naval Air Technical Training, US Naval Air Station (75), Merphis, Tenn.

Cozzcnder, Navel Nissile Center, Technical Library, Point Niugu, Calif,

€0, Naval Air Nateriel Center, Technical Library, Philadelphia, Pa.

€O, US Nuval Civil Engineer Lab, Port Heuzeze, Calif.

£0. US Naval Hedical Field Research Leb, Library, Cazp Lejuene, N. C,
€0, US Naval Ordzcace Test Station, étation Hospital, China Lake, Calif,

CO. US Naval Rodiological Defense Lab, San Francisce, Calif,

CO. US Naval Wecpoas Station, Attn: QE Laboratory, Concord, Califoraia ;‘ -
Director, Aerospace Crew Equipnent Lab. Naval Air Emgr Center, Philadelphia, Pa. ;;t%
Dizcctar Research Division (71) Bureau of Medicine & Surgery, Washington, D. C. %}C{#
Director, US Naral Research quora!ory, Code 2027, Washington, D, C. 2;&?

N

Director of Loborctories NMS, National Naval Medical Center, Bethesda, Md. b

2ffice of Naval Res Br. Docuzent & Tech Infor, Box 39, Navy 100, Fleet PO, New Yorl, N.Y.
Gffice of Naval Research, Code 454, Washington, D. C.

Officer in Charge. Exper Diving Unit, US Naval Sta. Navy Yard Asnex, ¥ashington, D. C.

0fficer in Chcrge, Operations Evaluations Group, Waghington, D. C.

Special Assistcnt. ¥edical Allied Sciences, Washington, D. C.

Technical Ref. Library, Naval Med Res Inst, Nat'l Naval Med Center, Bethesda, Md.

.y #

US Naval Research Laboratory, US Naval Subsarine Bose, New London, Greton, Conn.
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US Nuval Supply Research & Development Facility, Library, Bayonne, New York
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US Naval Medical Neuropsychiatric Research Unit, San Diego, Calif.
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US AIR FORCE
Xssistant for Ground Safety, US Air Force, Vashington, D. C.
Condr, Rome Air Development Center, Criffiss AFE, N. Y.
Condr, 6570 ANAL {MRBA) ¥right-Patterson B, Ohle
Comdr, 6570 ANRL (MRBBR) Wright-Patterson AFB, Ohio
Condr, 6570 AMAL (MARSL) Wright-Patterson AFB, Ohio
Coadr, Yilfod Hall, US Air Force Hospital, Lackland AFB, Texas
Electronic Systess Div, Division Sci Lab, L. G. Hanscos Field, Bedford, Nass.

Hqs-AF Office of Scientific Research, (Tempo Bldg D) Yashington, D. C.
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ARHED FTORCES - US AIR Cont,
DISTRIBUTION

Laagley Research Center, National Aeronautics & Space Adnin, Hampton, Va.
Office of the Surgeon, Air Tog Command, Randolph AFB, Tex.

Office of the Surgeon, Hqs Strategic Air Command, Offutrt, AFB, Neb.
School of Arrospace Medicinme, Jlerozedical Library, Braocks AFB, Texas

‘Science Division, AFRSTA, Hgqs US Air Force, The Pentagon, Washingten, D. C.
US Air Force Epidemiological Laboratory, US Air Force, Lackland AFB, Tex.
65715t Aeromedical Research Laboratory Liﬁra{y. tlolioaan AFB, N. Hex.

GOVERNMENTAL AGENCIES

Argonne National Labo.atory, Library Service Departzent, Argonne, Illinois
Araed Forces Radiobiology Research Inst, National Naval Medical Center, Bethesda, Md.
Brookhaven National Lab, Associated Universities Inc, Library, Upten, L. I., N. Y.

Chief, Defense Atomic Support Agency, Docuzment Library Branch, Fashington, D, C.

Chief, Radiation Br, Natiocnal Cancer Institute, Bethesda, Md,

?N\.

o

TS

Defense Documentation Center Hqé. Careron Station, Alexandria, Va.
Departaent of Health Educ & Welfare, Div of Radiol Health-PHS, Washington, D. C,

Division of Biology & Medicine, US Atomic Energy Cozmission, quhington: D, C.

Division of Medical Sciences, Hational Research Council, Washington, D. C.
Erecutive Secretary, Cozaittee of Vision, National Res Council, Washington, D. C.
Federal Aviation Agency, CARI Library - AC-43.2, Oklahoma City, Oklahona

Library of Congress, Science & Technology Division, Washington, D. C.

National Acronagutics & Space Adainistration, Washington, D. C.

National Institute of Health, Diviszion of Research Grants, Bethesda, Md.

National Library of MYedicine, Bethesdu, Md.
Of fice of Civil Defense, Technical Research Laboratory, Battle Creek, Mich.
US Atonic Energy Coazmission, Reports Analysis Tech Infor Svec, Oak Ridge, Tenm.

US Public Health Svc, Occupational Health Res & Tng, Facility, Cincinnati, Ohio
OTHER AGENCIES

Abbott Labo:ratories, Science Information 3ervices, N. Chicago, Illinois

Auerican Machine Fouadry Co, New York, N. Y.

Arctic Health Research Center Library, Anchorage, Alaska

Central Medical Library, 11-42, The Boeing Co, Seattle, Washingtom

Chief, Bioscience Section, Aerospace Division, The Roeing Co, Seattle, Washington
Docurent Control Desk, The Biosearch Co, Boston, Mass.

General Electric Co, Advanced Electric Center Library, Ithaca, N. Y.

General Electric Co, Tezpo Library, Senta Barbara, Calif.
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OTHER AGENCIES Cont.

DISTRIBUTION

IBU Research Center, Engr Science Dept 475, Yorktown Heights, N. Y.

ITT Federal Laboratories, Human Factérs Group, Nutley, N, J.

Kings County Yospital, Depuartaent of Anesthesiolegy Library, Brooklyn, N. Y.

Lefayette Clinic 951 E. Lafayette Street, Detroit, Michigan

. Hayo Clinic, Director of Biophysics Division, -Rothester, Minn.

HcDornell Aircraft Corp, St. Louis, Mo.
Dsychological Abstracts, Washingtor. D. C.

Rand Corporation Library, Santa Monica, California
Rheen Califone Corporation, Los Angeles, Calif.

Space Technical Laboratories, Subcozzittee on Noise, Los Angeles, Calif.
The Boeing Company Library, Military Aircraft Systems Division, Wichita, ¥an.

The Jobn Crerar Library, Chicago, Illinois .
The Loveldce Foundation, Dept of Aevospace Ned & Bivastroncutics, Albuquerque, N. Nex.
The Research Analysis Corp Library, ¥clean, Va.
Yerkes Laboratories of Priamate Biology, Orange Park, Fla.
MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPTS
Albany Hedical College Library, Albeay, N. Y.
Borzan Gray School of Medicine, Library, Winston-Salea, N. C.
Brera University, Library Docuazents Division, Providence, R. I.
College of Medical Evangelists, Vernier Radcliff Memorial Library, Loma Linda, Calif.
College of Physicicns of.Philadelphia. Library, Phlladelphia, Pa.
Columbia Univ, Dept of Psychology., New York, N. Y.
Colusbia Univ, Medical Library, New York, N. Y.
Cornell Univ, Central Serial Record Departaent, Ithaca, N. Y.
Cornell Univ, Medical Library, New York, N, Y,
Creighton Univ, Nedical Pharmacy Library, Oacha, Neb.
Dartaouth College, Dana Biomedical Library, Hanover N. H.
George Washington Univ, Office of Huzan Resources Research, Alexandria, Va.
Harvard Univ, Medical Library, Boston, Nass.
Indiana Univ, Medical Center Library. Indinnapolis, Ind.
Indiana Univ, School of Medicine Library, Bloozingtea, I=d,
Jefferuon Medical Colleqge, Library, Philadelphia, Pa.
Johne Hopkina Univ, Welch Kedical Library, Baltimore, Nd.
Kansas State Univ, Department of Psycholcgy, Nashattaa, Kan,
Lomg Linda Univ, White Memorial Nedical Library, Los Angeles, Calif.
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‘!EDICAL.CQ;LEGE /SCHOOL LIBRARIES AND DEPTS Cont.

DISTRIBUTION

Marquette Uziv, Mddical-Dental Library, Milazcukee, ¥Wie.

Medical College of Vifginia, To=pkiza-McCew Library, flichaond, Va.
New York Accde=y
Mow York Uziv, Ccliege of Medicine, Hesearch Division. New York, ¥. Y.
dew York Usiv, College of Fngr, Resecrch Divislen, New York., N. Y.

Now York Uziv, Meiical Conter Library, New York, N. Y.

Northwesters Uziv, Departzent of Psychology, Evasstoa. Ill.

Northsesterz Uaiv, Medical Scheol Library, Chicago, Il1,

Chio State Uziv,
Ohlio .State Uxiv,
Obio State Uziv,
Ohlio State Uziv,
Ohio State Uziv,
Ohio State Uaiv,

Purdue Univ, Dezcrizeat of Psyrhology, Lafayette, Ind.
Rush Medicel College Library, Chicego, Ill.

St. Louis Uziv,
Starford Uaiv, Lzze Medical Library, Palo Alto, Calif.

State Univ of Icwz, College of Medicine Library, Iowa City., lowa.

State Univ of Isvs, Univ Hosp, Dept of Otolaryng & Moxillofacicl Sz:zgq, Iowa City, lowa,
State Univ of Nes York, Anesthesiology Department, Brooklya, N. Y.

State Univ of New Yerk, Medical Library, Downtown Medical Ceater, Brooklyn, N. Y,

Toxas Medical Ce=ter Library, Jesse H. Jounes Library Bldg, Houstes, Tex,

Tufts Univ, Huzas Engineering Inforzation Analysis Setvice, Medford, Nass,

Tulane Univ, Schosl of Medicine Library, New Orleccs, La.

Vanderbilt Univ,

Univ of Alchaza,

Univ of Arkszscs, Medical Center Librarv. Little Rock, Ark.

Uaiv of Buffzlo,

Uaiv of Buffalo,

Univ of Califorziz, Biosedical Library, Los Angeles, Calif.

Uaiv of Chkizcgo,

Univ of Ciacizzati, College, of Medicine, Kettering Lab, Cincingrecti, Obie

Uaiv of Florida.

Univ of Georgic, Departzent of Psychology., Athens, Ga.

tedical School Librury, St. Louis, Mo.

cf Medicine Library., New York, N. Y.

Liesical Abstracts Service, Coluzbus, Ohio

Zzgr Experizent Station, Systems Research Group, Coluzbus, Oble.
Fsvcholinguistics Leboratory, Colysbun. Ohio.

Zesearch Center, Aviation Psycholoyy Labotratery. Colusmbus, Ohio.
School of Optozetry, Coluzbus, Chio.

Tegaz Library, Coluzbus, Oklo

-

Hespital Library, Nashville, Tenn.

¥edical Center Library, Birminghan, Ala.

SO
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Cepartoent of Paychology, Buffalo. N. Y,
Health Sciences. Library, Buffale, N. Y,
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Radiation Laboratory, Chicago, Ill.
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College of Medicine, Gainesville, Fla.
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HEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPTS Cont.

'DISTRIRUTION
Univ of Illinois, Aeromedicel Laboratory., Chicego, Ill.
iiniv of Illinois, Aviatien Psychology Leboratory, Savoy. I1l.
Wniv of Iilinois, Documents Division Library, Urbana, Ill.
Wniv of Illinois. Speech and Mearing Clinic, Chaszpaiga, Il11.
Univ of Illinois, Training Research Laberatory, Urbana, Ill.
Wniv of Kanses, Clendening Nedicail Library, Kaensas City, Kan.
‘Univ of Kentucky, Psyckology Department, Lexington, Ky.
‘Waiv of Louisville, Medical Library, Louisville, Ky.
\liniv of Maryland, Health Sciences Library, Baltimere, Nd.
Waiv of Hiasi, School of Medicine, Departsent of Opthalzology, Miami, Fla.
Briv of Miami, School of Medicine, Department of Psycholegy, Coral Gables, Fla.
Wniv of Michigan, Geperal Library of Serials & Docuzents, Ann Arbor, Nich.
‘Univ of Minnesota, Serials Division Library, Mindeapolis, Mina.
‘Univ of Mississippi. Medical Center, Rowland Medical Library, Jackson, Niss.
Univ of Missouri, MNedical Library, Coluabia, Mo.
Univ of Nebroska, College of Medicine Library, Osmgha, Neb.
‘Univ of North Carolira, Div of Health Affoirs, Mezorial Hosp Library, Chapel Hill, Va.
Eniv of Oklahoza, Medical Center Library, Oklahoaa City, Okla.
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